Abstract. This paper presents the application of a fuzzy-logic controller for an AC servomotor. The fuzzy-logic controller is coupled to conventional methods for AC Servo commutation, such as a field-oriented flux control and voltage amplifiers. A test bench platform was designed specifically to test the controller at different load values. The behaviour of the speed and torque variables got stable while maintaining the error deviation lower than 5%, being a competitive option compared to the current literature.
Introduction
Industrial automation is based in motion control of different mechanisms, for which induction motors and servomotors are used given its robustness and reliability. The controllers for motors and servomotors have become a key requirement for precise automation. The use of artificial intelligence in the fields of power electronics and speed control has increased significantly. These methods use fuzzy logic and artificial neural networks, which require little mathematical knowledge to describe the operation of the system, along with a logical instead of a mathematical analysis to control the system to facilitate decision-making. This trend is accompanied of the electrical machine optimization for maximum performance, which involves the use of electronics that are more sensitive to disturbances, making necessary to implement compensation equipment taking into account factors that were previously not relevant. Fuzzy systems allow modelling a plant out of the knowledge of its functioning, and the controller realization is straightforward. Artificial neural networks need to have a learning stage, in which the user provides the input data and it shows which is the output or the expected response.
In many papers there is coupling between fuzzy and PID control techniques [1, 2, 3] . For servomotor systems, it obtains better results than separately. The importance of this work is the implementation of fuzzy control to measure performance with the lowest number of membership functions in the three-phase inverter developed. Several papers have described how to couple the Fuzzy control to AC servo systems [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . The controller responds according to the application of rules or algorithms that are related to the mechanism dynamics. Inferences are made according to the in line behaviour of the motor and its dynamic response [4, 5, 6, 7] .
The application of artificial neural networks and fuzzy logic is based on the application of rules or algorithms that are not related to the mechanism, but to its behaviour. The advantages found were self-tuning, fast torque and flux response, without problems during low-speed operation [8, 9, 10] .
The work presented by Bor-Ren Lin [11] , proposes a neural network for states interruptions voltage inverter using current control of hysteresis. In the case of L. Cabrera and Zinger [12] , they present four training algorithms to emulate the sector stator in a DTC (Direct Torque Control).
The paper is organized as follows: Section 2 presents the electrical, mechanical and mathematical models of the servomotor in order to understand how it is controlled. Section 3 presents the design of the fuzzy logic controller for speed and torque. Section 4 shows the experiments realized along with the testing platform. The results are analysed and discussed in section 5, to finally present the conclusion.
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Model of the AC Servomotor
Vectorial control began in the decade of the 70s in West Germany, with the principles stated in the work of Hass and Blaschke. The method focuses on the coupling and uncoupling of the magnetic flux of the motor, resulting in a dynamic behaviour similar to direct current motor. The simplified equations to obtain are convenient for the control system and for implementation. They can be written in the form of Ec. 1:
) ( ), (1) where : differential operator, , : stator voltage of synchronously rotating − reference frame, , : stator current of synchronously rotating − reference frame, , : stator and rotor resistances, respectively, , : synchronous and rotor angular velocities, respectively,
where : the stator magnetizing inductance.
The rotor speed and torque are related by the equation
where : Number of poles,
: the inertia of the rotor, : electromagnetic torque, : load torque.
The three-phase inverter topology was used. The circuit consists of three halfbridges, their respective phase input is formed by a DC power supply and an inductivecapacitive LC filter, as shown in Fig. 1 . 
Fuzzy Logic Controller
The principal blocks that compose a fuzzy system are shown in Fig. 2 . its operation requires first to convert one or more input data from a continuous universe (crisp) into fuzzy values in the fuzzification stage. Then, at the inference stage, it uses those fuzzy values to obtain a response out of the rule base which was previously filled with an expert knowledge to handle the system. Once a set of results is inferred, it is necessary to realize the inverse transformation, to convert the fuzzy value into a crisp value for modifying the system, the defuzzification stage. 
Membership Function Definition
The membership functions (MF) are proposed by the user. In this case, the definition of the membership functions was performed using three triangular membership functions for the input and output variables. Each MF is defined by the triangular MF general equation (4):
For the case of the input variable error, the linguistic terms used to identify each MF are: Negative Small (NS), Zero (ZE), and Positive Small (PS), they are distributed graphically as shown in Fig. 3 . The corresponding equations are (5)-(7). The same configuration was used for the output variable as in Fig. 4 . 
Inference Mechanism and Rule Base
The inference mechanism is responsible for evaluating the fuzzy data membership values, obtained by the fuzzifier into the fired rules from the rule base. In this sense, the inference mechanism delivers the membership values, corresponding to the output membership functions. To generate the rule base, It is required a prior knowledge of an expert because without this it is very difficult generating a rule base applicable to process control. Our controller uses the Mamdani model, which establishes rules defined by the following equation:
For example:
The number of rules used in this controller is seven. Table 1 shows the rule base distribution used to describe the input and output variables relation. 
Fuzzy Logic Controller
The suggested speed control system was implemented for the AC servomotor coupled to a test bench. To implement the fuzzy controller we used an 8-bit microcontroller coupled to a synchronizer phase and a three-phase inverter, which were developed as in Fig. 5 . Table 2 shows the characteristics of the servomotor that was used for testing. The nominal AC servomotor torque is 1.3 N.m. therefore is difficult for the controller to stabilize in the 5% error range. It is seen that the magnetic flux is below that the set point, since the preload is greater than the nominal for this AC servomotor.
Discussion
From the results, it can be deduced that it is possible to couple the fuzzy control technique with vector control techniques. It is seen that different tests have a similar behaviour, notorious from the responses of control graphs at different reference values (50, 100) rpm. The controller stabilizes effectively in the 5% range despite of the few membership functions used for the controller. It is important to notice that an increase in the number of membership functions used for input and output, will lead us to better results. Nevertheless, if we consider that we require an 8-bit microcontroller implementation, we cannot use many membership functions to define the fuzzy system, since it will consume much more memory and processing time. In this sense, we chose a basic implementation for our speed controller in order to maintain a reasonable response time and resource consumption.
It can be concluded that the steady state error remains between 3% and 5%, which, if compared to commercial drivers is still high, since most of them handle 1% standard error. However, when compared with other paper works, they present a similar error as seen in Table 3 . Another aspect observed in control graphs is that you can see a bigger overshoot, causing the generation of harmonics in the stator phases resulting in overheating.
Conclusions
The proposed controller was successfully implemented in the AC servomotor, by coupling techniques for vector control of induction motors and fuzzy logic. It was also achieved that the steady state error remains lower than 5% in tests at different speeds and preloads.
Compared to other drivers developed by researchers, the proposed controller is competitive, since it was implemented in an 8-bit microcontroller using the simplest structure in order to efficiently use the computational resources. Implementing neural networks coupled with fuzzy logic and vector control error would increase the response time due to large information processing.
